Random screening for tissue specific genes in zebrafish by in situ hybridization led us to isolate a gene which showed highly restricted expression in the developing eyes and midbrain at somitogenesis stages. This gene was very similar to mouse and human mab21l2. The characteristic expression pattern of mab21l2 facilitates a detailed description of the morphogenesis of the eyes and midbrain in the zebrafish. In the eye field, mab21l2 expression illustrates the transformation of the eye field to form two separate eyes in the anterior neural plate. Mab21l2 staining in the cyclopic mutants, cyc and oep, exhibited incomplete splitting of the eye primodium. In the midbrain, mab21l2 is expressed in the tectum, and its expression follows the expansion of the tectal region. In mutants affecting the mid-hindbrain boundary (MHB), mab21l2 expression is affected differentially. In the noi/pax2.1 mutant, mab21l2 is down-regulated and the size of the tectum remains small, whereas in the ace/fgf8 mutant, mab21l2 expression persists although the shape of the tectum is altered. Crown
Results
We have conducted a screen for tissue specific genes by random in situ hybridization, using a normalized library prepared from somitogenesis stage cDNAs (Kudoh et al., in preparation) . From this screen we isolated a clone specifically staining the eyes and midbrain. This gene encodes an open reading frame of 359 amino acids which is highly similar throughout the entire amino acid sequence to the products of mab21-like genes from several species (Fig.  1) . Mab21 was originally cloned from C. elegans as a gene responsible for a homeotic mutation in a sensory organ, causing a transformation of cell fate of sensory ray 6 to assume the characteristics of ray 4 (Chow et al., 1995) . This observation suggests that mab21 has a role in cell fate determination in C. elegans. The amino acid sequence of Mab21 does not have any recognizable motif, and its molecular function is unknown. In the mouse and human, two mab21-like genes, mab21l1 and mab21l2, have been reported, both of which are expressed in the eye and midbrain in the mouse (Mariani et al., 1998 (Mariani et al., , 1999 Wong et al., 1999) . Our clone is more similar to mab21l2, suggesting that it is the zebrafish counterpart of this gene.
Zebrafish mab21l2 is first expressed at the bud stage in the area of the presumptive eye field ( Fig head). The expression domain expands during somitogenesis stages ( Fig. 2B-E) , and gradually begins to split bilaterally during these stages. At the 8-somite stage, the eye field as visualized by mab21l2 expression, is in the process of separation but is still connected at the ventral side of the neural plate (Fig. 2E ,E 0 ); separation is complete by 13 somites (Fig. 2F) .
A second expression domain of mab21l2 arises between the 3-and 5-somite stages in the presumptive midbrain region (Fig. 2D , open arrowhead), expands along the antero-posterior axis up to the 13-somite stage ( Fig. 2D-F) , and expands laterally during subsequent development (Fig. 2G ). This domain eventually will form the tectum, showing the characteristic 'heart' shape at the 24 h stage (Fig. 2H) 
G).
Mab21l2 is an excellent marker for tracing the morphological development of the eyes and the tectum, as it is specific to these areas in early development. RX genes are also good markers for the eye, but mab21l2 seems to be expressed at a slightly earlier stage (Mathers et al., 1997) . Other early eye genes, such as pax6 and six3, are also expressed in the adjacent telencephalon (Kobayashi et al., 1998; Krauss et al., 1991) . Otx2 is not restricted to the tectum but widely expressed in the midbrain and the diencephalon during these stages of development (Li et al., 1994) . The expression pattern of zebrafish mab21l2 is overall similar to the mouse counterpart; both are expressed in the eye and midbrain, pharyngeal arch, spinal cord and fin (or limb) bud. However, some differences are also observed. First, zebrafish mab21l2 starts its expression specifically in the eye primodia whereas mouse mab21l2 is widely expressed in the anterior neural fold before starting restricted expression in the eye. Second, mouse mab21l2 is expressed in the somites, which is not observed for zebrafish. The expression of mab21l2 was also examined in several mutants that show abnormalities in eye or mid-hindbrain development. Cyclops (cyc) mutant embryos, in which one nodal family gene is defective, fail to complete separation of the eye field (Rebagliati et al., 1998; Sampath et al., 1998) . No separation of the eye field occurs in one eyed pinhead (oep) embryos, in which nodal signaling is generally impaired (Zhang et al., 1998) . In these mutants, the fused eye domains still express mab21l2, illustrating the incomplete process of eye separation (Fig. 3A-D) . This also suggests that the expression of mab21l2 is independent of Nodal signaling. Acerebellar(ace) and no isthmus(noi) mutants show a similar phenotype in that the midbrain-hindbrain boundary (MHB) does not form (Brand et al., 1996; Reifers et al., 1998) . Ace has a defect in the gene encoding the secreted factor Fgf8, and noi is defective in the homeobox gene pax2.1; both genes are specifically expressed in the presumptive MHB region from the late blastula to somitogenesis stages. Interestingly, the ace and noi mutations have different effects on mab21l2 expression. In the ace mutant, the mab21l2 expression domain in the midbrain changed its shape by slightly expanding posteriorly at the midline (Fig.  3E,F) , whereas mab21l2 expression is significantly reduced in noi mutant embryos. In the latter mutant the tectum, as identified by mab21l2 expression, was greatly reduced in size and its shape was grossly distorted, as previously reported based on morphological analysis (Brand et al., 1996) . Since pax2 is expressed in the MHB but not in the midbrain, the defect observed in the midbrain of noi mutants is likely to be non-cell-autonomous. This suggests that the MHB sends a signal in an anterior direction that induces the proliferation and morphogenesis of the tectum. Further, these results imply that the maintenance of mab21l2 expression requires this putative MHB signal that is dependent on pax2 but not on fgf8.
In summary, the mab21l2 gene sequence is very similar in animals from C. elegans to mouse and zebrafish, and its expression pattern in vertebrates is likewise highly conserved. The restricted expression of this gene in the developing eyes and tectum can be helpful in the analysis of the morphogenesis of these domains in wild type and mutant embryos.
Materials and methods
In situ hybridization was performed essentially as described (Kudoh and Dawid, 2001) . RNA probe for mab21l2 was prepared using the Digoxigenin-RNA labeling kit (Roche) according to the manufacturer's instruction. For sectioning, in situ stained embryos dehydrated in ethanol, embedded in JB-4 plastic media (Polyscience Inc.), and sectioned according to the manufacturer's instruction. Fig. 3 . Mab21l2 expression in mutant embryos. Mab21l2 expression was examined in the cyclopic mutants, cyclops (cyc) (B) and one eyed pinhead (oep) (D), and in the MHB mutants acerebellar (ace) (F), and no isthmus (noi) (H). In cyc and oep embryos, mab21l2 is still expressed in the cyclopic eye field. In the ace mutant, mab21l2 is expressed at a normal level but the shape of the expression domain in the tectum is altered (F, arrowhead). In contrast, growth of the tectum is reduced and mab21l2 expression is suppressed in the noi mutant (H, arrowhead). 
